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The availability of omputational modeling tools for subatomi physis (Form, FeynArts,
FormCal, and FeynCal) has made it possible to perform sophistiated alulations in per-
turbative quantum eld theory. We have adapted these pakages in order to apply them
to the eetive hiral eld theory of hadroni interations. A detailed desription of this
Computational Hadroni Model is presented here, along with sample alulations.
I. INTRODUCTION
Chiral Perturbation Theory (ChPT) has been tremendously suessful in desribing low-energy
hadroni interations in the non-perturbative regime of QCD. It provides for a systemati and well-dened
perturbative expansion inorporating interation physis driven by the symmetries of QCD in kinemati
regimes where sales are well-dened.
Calulations have been performed for many problems to Next-to-Leading-Order (NLO) in a variety of
bases, but the hallenge is often in determining the range of valid and ontributing degrees of freedom to
a given problem.
With reent developments in the automatization of the NLO alulations in perturbative eld theory,
it is reasonable to onsider the possibility that these methods ould also be applied to ChPT and thus
allow for a broader appliation of the theory.
To date, there are several pakages available (FeynArts [1℄, FormCal [2℄, FeynCal [3℄ and Form [4℄)
allowing us to produe semi-automati alulations in partile physis. These pakages have been applied
in various alulations relevant to studies of the Standard Model [5, 6, 7, 8, 9, 10℄.
Although FeynArts and FormCal were originally designed for Standard Model alulations, the exi-
bility of the programs allows us to extend them to interations appropriate for the hadroni setor. This
was a main reason to use FeynArts and FormCal as a base languages for the automatization of hiral
hadroni alulations. Hene the main purpose of this work is to develop an extension to FeynArts and
FormCal whih will perform automati analytial alulations in ChPT.
We will begin by presenting a summary of the properties of Chiral Perturbation Theory, followed by
a desription of how the interations an be inorporated into a omputational hadroni model. We will
then present some sample appliations and tests of the model, along with plans for future development.
II. EFFECTIVE CHIRAL LAGRANGIAN
Let us start with a general review of the formalism we use to desribe the dynamis of the strong
interations. Spontaneous symmetry breaking of SU (3)L ⊗ SU (3)R due to the pseudo-Goldstone salar
bosons into SU (3)V an be desribed by the Lagrangian from
L
(8)
pipi =
f2pi
8
Tr
[
Dµ
∑†Dµ∑] . (1)
Eq.(1) represents the rst term of the eetive Lagrangian from [12℄, whih is the only allowed term with
two derivatives. And additional term Tr
∑†∑
is a onstant due to the equivalene theorem and is exluded
from the eetive Lagrangian. Here, fpi ≈ 135MeV is the pion deay onstant and
∑
eld is given by∑
= e2iP/fpi , (2)
2where P is the pseudo-Goldstone boson otet:
P =


1√
6
η + 1√
2
π π+ K+
π− 1√
6
η − 1√
2
π K0
K− K¯0 − 2√
6
η

 . (3)
Taking into aount U (1)Q of eletromagnetism, the ovariant derivative is given by
Dµ = ∂µ + iAµ [Q, ...] , (4)
where A enters as the eletromagneti vetor eld potential and Q is a harge operator. Unlike the baryon
eld, hiral symmetry transformation for the pseudo-Goldstone boson eld exists and is well dened as∑ → L∑R†. To introdue baryon eld into the eetive Lagrangian uniquely, the new eld ξ is dened
as ξ2 =
∑
. The hiral symmetry transformations for the eld ξ an be determined in the a new basis U
(see [11℄) as
ξ → LξU † = UξR†. (5)
Here, the unitary matrix U is impliitly dened from Eq.(5) in terms of L, R, and ξ, and in this ase the
hiral transformation for the baryon eld is unique, and hosen to be B → UBU †. Choie of the basis U
is preferable for the eetive Lagrangian with baryons, beause in this basis pions are oupled through
the derivative type oupling only. Consequently, the eetive Lagrangian for the baryons an be written
in terms of the vetor elds (vetor Vµ and axial-vetor Aµ):
Vµ =
1
2
(
ξDµξ
† + ξ†Dµξ
)
=
1
f2pi
[P, ∂µP ] +
1
f4pi
[P,P (∂µP )P ] + ...,
(6)
Aµ =
i
2
(
ξDµξ
† − ξ†Dµξ
)
=
1
fpi
∂µP +
1
f3pi
P (∂µP )P − 1
2f3pi
{
∂µP,P
2
}
.
The leading order baryon Lagrangian is given by [11℄
L
(8)
Bpi = −iT r B¯ 6 DB +mBTr B¯B + 2DTr B¯γµγ5 {Aµ, B}+ 2F Tr B¯γµγ5 [Aµ, B] , (7)
where B is SU (3) otet of baryons given by
B =


1√
2
∑0+ 1√
6
Λ
∑+ p∑− − 1√
2
∑0+ 1√
6
Λ n
Ξ− Ξ0 − 2√
6
Λ

 , (8)
with ovariant derivative dened as 6 D =∂µ + [Vµ, ...]. The strong oupling onstants {F,D} of the La-
grangian from Eq.(7) have been determined in [12℄ to be F = 0.40 ± 0.03 and D = 0.61 ± 0.04. At the
lowest order of hiral perturbation theory, the strong interation of the deuplet Tµ
(
JP = 3/2±
)
an be
desribed by the following Lagrangian:
L
(10)
Tpi = −iT¯ µ 6 DTµ +mT T¯ µTµ + C
(
B¯AµΓ5T
µ + T¯ µAµΓ5B
)
+ 2HT¯ µγνγ5AνΓ5Tµ, (9)
3where Γ5 = 1 for T
JP=3/2+
µ and Γ5 = γ5 for T
JP=3/2−
µ . The deuplet states Tµ are given by
T 333 = Ω−,
T 133 =
1√
3
Ξ∗0, T 233 =
1√
3
Ξ∗−,
T 113 =
1√
3
∑∗+
, T 123 =
1√
6
∑∗0
, T 223 =
1√
3
∑∗−
, (10)
T 111 = △++, T 112 = 1√
3
△+, T 122 = 1√
3
△0, T 222 = △−.
The strong oupling onstants |C| = 1.2 andH ∼−1.8 have been indiretly extrated from the experimental
data by [13℄ through the loop orretions of the strong deay of deuplet to otet of baryons in the
framework of Heavy Baryon χPT (HBχPT ) .
III. COMPUTATIONAL HADRONIC MODEL
The eetive hiral theory of the strong interations formulated above an be applied towards a vast
number of the hadroni reations in the nonperturbative regime. However, in this formalism, to do
alulations up to NLO by hand requires a tremendous amount of work. Beause these alulations are
rather algorithmi, it is only reasonable to raise the question whatever some degree of the automatization
of the present alulations in the ChPT is urrently possible. We address this question by developing so
alled Computational Hadroni Model (CHM) as an extension of FeynArts and FormCal pakages.
The main purpose of FeynArts is to generate graphial and analytial representations of an unevalu-
ated amplitude for sattering or deay proesses. The results are produed by using Feynman rules as
speied in the model les and do not inlude any further simpliations like index ontration or tensor
deomposition and redution. FormCal, although is works as a shell for Form program, an manage the
expliit analytial evaluation of the one loop integrals employing dimensional regularization and tensor
deomposition tehniques. Later, the renormalization an be performed by using either On-Shell, Minimal
Subtration (MS) or Constrained Dierential Renormalization (CDR) shemes giving nal results free of
ultraviolet divergenes. At the nal stage, an automatially generated FORTRAN ode an be used for
numerial alulations of ross setion or deay widths.
Let us start with a desription of the elds partiipating in CHM. It is only naturally to form three
lasses of elds: the otet of baryons B (16 states in total with otet of pentaquarks inluded), the deuplet
of resonanes T µ (20 states in total with anti-deuplet of pentaquark resonanes inluded), and the otet
of mesons P . The external wave funtion for baryon (spin J = 1/2) is given by the usual Dira spinor,
and for the deuplet of resonanes with spin JP = 3/2± we use the Rarita-Shwinger (RS) eld desribed
by
T µ (k,m) =
1∑
j=−1
1/2∑
i=−1/2
CG
3/2
ij,me
µ
j (k) · u (k, i) δi+j,m, (11)
where CG
3/2
ij,m are Clebsh-Gordan oeients dened as
CG
3/2
ij,m =
√ (
3
2 +m
)
!
(
3
2 −m
)
!
3(1 + j)!(1 − j)! ( 12 + i)! (12 − i)! . (12)
4The index m an take values {3/2, 1/2,−1/2,−3/2} and desribes the projetions of the JP = 3/2± spin
state. In our model le, the eld T µ enters as a produt of eµ (k) ·u (k) , speifying neither the polarization
nor spin state. The expliit struture of the deuplet eld (see Eq.11) is aounted for later, when the
heliity matrix elements are omputed. For the polarization vetors, we employ the following basis in the
enter of mass referene frame:
eµ0 (k) =
(∣∣∣−→k ∣∣∣ , E sin (θ) , 0, E cos (θ)) /m,
eµ±1 (k) = (0,− cos (θ) ,∓i,− sin (θ)) /
√
2. (13)
Here, the angle θ determines a diretion of
−→
k vetor. The external wave funtion for the meson eld P is
equal to one. The spin 3/2 propagator of the eld T µ is given using onvention dened in [14℄.
Sine the denition of oupling matries Γ in the FeynArts is based on the use of the hirality projetors
̟± = 1±γ52 as
Γ =
(
C̟+, C̟−
) ·
(
g
(0)
R g
(1)
R
g
(0)
L g
(1)
L
)
, (14)
the ouplings are introdued in two model les responsible for the generi and partile levels, respetively.
The rst part of Eq.(14) desribes the kinemati part of the oupling derived from the hiral Lagrangians
given by Eqs.(1, 7 and 9). The seond part of the Eq.(14) represents the oupling strengths dened at
tree level (rst olumn) plus ounter terms (seond olumn). Coupling strengths g
(0)
R,L in Eq.(14) are
represented by the Clebsh-Gordan (CG) oeients of SU (3) group normalized by pion deay onstant
fpi for the deays or prodution hannels. For the hadroni interations, onstants g
(0)
R,L are given by
gTBPR,L = +
C
fpi
T
abc
ǫadeP
d
b B
e
c ,
gTTPR,L = ±
H
fpi
T
abc
P dc Tabd, (15)
gBBPR,L = ±
(
(D − F )
fpi
B
a
bP
c
aB
b
c +
(D + F )
fpi
B
a
bB
c
aP
b
c
)
,
gBBPPR,L = +
1
f2pi
.
The indexes R and L orrespond to ”+” and ”− ” in the ouplings, respetively. The elds Tijk, Bij and
Pij are given by Eqs.(3, 8, 10), but only numerial oeients in front of these elds are used in Eq.(15).
For the QED deays we have
gTBPγR,L = +Qpi
C
fpi
T
abc
ǫade
[
Qdf , P
f
b
]
Bec ,
gTTPγR,L = ±Qpi
H
fpi
T
abc
[
Qdf , P
d
c
]
Tabd, (16)
gBBPγR,L = ±
Qpi
fpi
(
(D − F ) · Bab
[
Qda, P
c
d
]
Bbc + (D + F ) ·BabBca
[
Qdc , P
b
d
])
,
gBBPPγR,L = +
Q2pi
f2pi
,
gTTγR,L = +QT , g
BBγ
R,L = +QB , g
PPγ
R,L = +Qpi, g
PPγγ
R,L = +Q
2
pi.
Here QT,B,pi is a harge of {Tµ, B, P} elds given in the units of eletron's harge. SU (3) eletromagneti
harge matrix Q is dened as
Q =

 2/3 0 00 −1/3 0
0 0 −1/3

 .
5Figure 1: Next-to-the-leading hadroni deay with the adjaeny of order ve for the deay ∆++ → pπ+.
The ounter terms of equation Eq.(14) are given through the wave funtion renormalization of the baryon
eld. Here we adopt notation of [15℄
g
(1)
R,L (A→ B) =
1
2
(
δfAR,L + δf
B
R,L
)
g
(0)
R,L (A→ B) , (18)
where indies {A,B} orrespond to the external baryons of the proess A → B. The wave funtion
renormalization onstants
{
δfAL,R, δf
B
L,R
}
are omputed through the trunated self energy graphs
∑
, and
given as an example for the baryons of the type A
δfAR,L = −Re
(∑R,L
A,A
(
m2A
))−m2A · Re
(
∂
∂p2
[∑L
A,A
(
p2
)
+
∑R
A,A
(
p2
)
+ 2
∑S
A,A
(
p2
)])
p2=m2
A
, (19)
where L,R and S are left-handed, right-handed and salar parts of the trunated self energy, respetively.
Another ounter term arising from the radiative deays of the deuplet into the otet state {T → B + γ}
is desribed by the Lagrangian
L
TBγ = iΘ
e
Λχ
Bγµγ5QT
νFµν . (20)
The unknown oupling onstant Θ has been determined in [13℄ from the measured branhing ratios of
∆→ Nγ and Ξ∗0 → Ξ0γ. The Clebsh-Gordan (CG) oeients for this ounter term are simply given by
g
(1)
R,L (T → Bγ) = ±Θ
e
Λχ
T
abc
ǫadeQ
d
bB
e
c , (21)
and have dimension of 1/M .
Due to the presene of the 3π interation in the hiral theory, a oupling of the adjaeny of order ve
(see, for example, Fig.1) is introdued in the hadroni deays of the baryons.
Sine, the ouplings of the order ve adjaeny (see Fig.(1)) desribed by the same CG oeients as
for the tree level ouplings of order three adjaeny, it is straightforward to program the same oupling
onstants for every pion eld appearing in the loop. This an be easily aomplished if the eld Π is
introdued in the loop. This eld Π appears only in the loops with the 3π oupling, with a propagator
desribed as
∆Π(q) =
8∑
i=1
1
q2 −m2i
, (22)
where mi is the mass of the meson in the SU (3) otet (see Eq.(3)). The kinemati part of the oupling
for this type of proesses is exatly equal to the ouplings of the hadroni interations desribed by hiral
Lagrangians (Eqs.(1, 7 and 9)). The same is true for the CG oeients, but with fpi onstant replaed
by f3pi in the rst line of Eq.(15).
6IV. APPLICATIONS AND TESTS
The extension towards the hadroni setor in FeynArts and FormCal whih we propose in this work
an be applied to the virtually any hadroni proess. We hoose two proesses relevant to the problems
of the hadroni physis. These are pentaquark photo-prodution and Compton sattering in the studies
of the nuleon polarizabilities. Sine these problems were addressed earlier by [18℄ and [20℄, this will serve
as a test of the rather involved alulations using our Computational Hadroni Model (CHM).
A. Pentaquark Photo-Prodution
The question of existene of exoti baryons is of ruial importane to the physis of the strong in-
terations. The bound states of ve quarks (pentaquark) an be desribed by the at least two models.
Nuleon-Kaon moleule model, proposed by [16℄, assumes that pentaquark is formed by a nuleon and a
kaon bounded via the nulear strong interation. An alternative model proposed by [17℄ treat a pentaquark
as a system of two diquarks and one anti-quark (q4q), bounded via the olour strong interation. Sine
the range of the nulear strong interation is of order of ∼ 1 fm, ompared to the olor strong interation
range, of ∼ 0.1 fm, the deay widths of the pentaquark in these two models are substantially dierent
(∼ 100MeV vs ∼ 1MeV ). Obviously, the detetion and subsequent measurements of the pentaquark
deay width will most probably rule out one of these models. In the experimental searhes of the ex-
oti baryons, attention goes towards lightest pentaquark state Θ+5 = {uudss¯}, whih has a mass around
1540MeV . This state is attrative not only beause it has the highest prodution probability, but also
due to the fat that symmetries of the hiral Lagrangian forbid the eletromagneti deay of this state to
the proton and photon at the tree level and hene makes Θ+5 state more stable with deay width probably
around 1MeV . Unfortunately, despite of tremendous experimental eorts, prodution of this state proved
to be extremely problemati. The experimental diulties emerge from the weak signal, low statistis,
and high bakground in all prodution hannels.
From the point of view of relativisti ChPT it is possible to introdue pentaquark baryons in to the
omputational hadroni model due to the same symmetry of the hiral Lagrangian and similarities of the
10 and 10 irreduible representations of the SU(3) group. If one assumes that otet of the pentaquarks is
represented by the spin 1/2 states, and the anti-deuplet of resonanes by the spin JP = 3/2±, it easy to
onstrut a Lagrangian for both. Using notation of [21℄, we an desribe the otet of exoti baryons by
O5 =


1√
2
∑0
5+
1√
6
Λ5
∑+
5 p5∑−
5 − 1√2
∑0
5+
1√
6
Λ5 n5
Ξ−5 Ξ
0
5 − 2√6Λ5

 , (23)
and the anti-deuplet of pentaquark resonanes by
T 3335 = Θ
+
5 ,
T 1335 =
1√
3
N05 , T
233
5 =
1√
3
N+5 ,
T 1135 =
1√
3
∑−
5
, T 1235 =
1√
6
∑0
5
, T 2235 =
1√
3
∑+
5
, (24)
T 1115 = Ξ
−−
5 , T
112
5 =
1√
3
Ξ−5 , T
122
5 =
1√
3
Ξ05, T
222
5 = Ξ
+
5 .
7Figure 2: Θ+
5
photo-prodution preditions from the FeynArt's Computational Hadroni Model.
The interation Lagrangian for all the possible permutations of the elds B,Tµ,O5, T5,µ and Aµ an be
written in the following form:
L
(10⊕8) = 2DO Tr O¯5γµγ5 {Aµ,O5}+ 2FO Tr O¯5γµγ5 [Aµ,O5] + 2HP T¯ µ5 γνγ5AνΓ5T5,µ +
CPO
(O¯5AµΓ5T µ5 + T¯ µ5 AµΓ5O5)+ CPB (B¯AµΓ5T µ5 + T¯ µ5 AµΓ5B)+ (25)
2DOB
(
Tr O¯5γµγ5 {Aµ, B}+ h.c.
)
+ 2FOB
(
Tr B¯γµγ5 [Aµ,O5] + h.c.
)
.
Relevant to the physis of the pentaquark prodution, oupling onstant CPB in Eq.(25) is given by
CPB = gTBP fPMP . The onstant gTBP an be extrated from the information on hadroni deay width of
the spei pentaquark state. The rest of the oupling onstants an either be extrated using the Adler-
Weisberger sum rules (see [21℄) or require additional experimental input. The Clebsh-Gordan oeients
for the pentaquark states were omputed in the same way as in Eq.(15) and Eq.(16) but with oupling
onstants taken from Lagrangian in Eq.(25).
It is natural to raise a question: if the Θ+5 does exist, how an hiral eetive theory diret experimental
searhes for this state? One of the possibilities would be to look at the kinemati dependenies (see [18℄)
using our Computational Hadroni Model. There are three possible hannels for the prodution Θ+5 : photo-
, hadro- and lepto-prodution. The most reent experimental eorts were direted to the photo-prodution
of the Θ+5 . Photo-prodution is desribed by the two reations, γp → Θ+5K0 on the proton target and
γn → Θ+5K− on the neutron target. The deision to look at these two hannels expliitly is motivated
by ontroversy over experimental results (see [19℄). Our goal here is to onstrut the prodution ross
setions for these two reations and to ompare our results to [18℄. In the Born approximation diagrams,
responsible for the prodution of Θ+5 are given by the ontat, s, t and u hannels and shown on the
Fig.(2). Obviously there is a distintive asymmetry in the prodution hannels for the two targets. This
asymmetry is reeted by the presene of the ontat term in photoprodution on the neutron target.
This result was pointed out originally by [18℄ and onrmed in our CHM. Aording to the Lagrangian
given by Eq.(25), we an onstrut two parity states of Θ+5 with J
P = 3/2+or JP = 3/2− with values for
the oupling onstant gKNΘ = 0.53 for Θ
+
5 (3/2
+) and gKNΘ = 4.22 for Θ
+
5 (3/2
−) [18℄ if we assume that
this state has a narrow deay width around 1MeV. The prodution ross setions for the ontat, s−, t−
and u- hannels are shown on Fig.(3) as funtions of the photon's energy Eγ in the laboratory referene
frame. The largest ontribution omes from the ontat term whih is only present for the neutron target.
Comparing our results to [18℄ we an see what s- and u-hannel ross setions are somewhat larger in our
ase. This an be explained by the fat that, unlike in CHMmodel, the ouplings in [18℄ are adjusted by the
four-dimensional formfators, and, sine in these hannels baryons are further o-shell, the ontribution of
these hannels is strongly suppressed. As for the ontat and t-hannel ontribution, our results are lose
to [18℄. The evident asymmetry between neutron and proton targets favors deuterium target (with proton
as a spetator) for the photo-prodution of the Θ+5 (3/2
±) with prodution ross setion around ∼ 200nb
and ∼ 30nb, respetively.
8Figure 3: The total ross setion for the Θ+5 photo-prodution in the ontat, s-, t- and u-hannels as a funtion of
energy of the photon Eγ in the laboratory referene frame.
B. Compton Sattering
Although the CHM preditions of the pentaquark photoprodution onrmed the earlier theoretial
ndings, our alulations are done using the Born approximation only, and hene it is reasonable to raise
the question about the validity of our CHM extension of FeynArts and FormCal for the Next-to-the-
Leading-Order (NLO) alulations.
To test our NLO alulations (not inluding resonanes) we deided to ompute amplitudes for the
Compton sattering o the proton and neutron. If we onsider a nuleon with struture, the Compton
sattering amplitude in the rest frame has the following form [20℄:
M(γN → γN) = −e
2Z2
4πm
−→ǫ ′ · −→ǫ + αω′ω−→ǫ ′ · −→ǫ + β(−→ǫ ′ ×−→k ′)(−→ǫ ×−→k ) +O(ω4). (26)
Here, (−→ǫ , ω, −→k ) is the polarization vetor, frequeny and momenta of the inoming photon, respetively.
Primed quantities denote the outgoing photon. Two struture onstants α and β are the eletri and
magneti polarizabilities of the nuleon. For the point like nuleon, we have (see Fig.(4)):
M0 = −e
2Z2
4πm
−→ǫ ′ · −→ǫ . (27)
This amplitude, in order to satisfy the gauge invariane of the eletromagneti urrent (∂µJµ = 0), is not
renormalized, and expressed through the set of physial observables suh as harge and mass. Moreover,
in the Thomson limit when
−→
k ′ → −→k , the Compton amplitude M in Eq.(26) should take the form of M0
9Figure 4: FeynArts output for the Compton sattering at the tree level in CHM.
Figure 5: Representative diagrams for the Next-to-the-Leading order Compton sattering in CHM.
in Eq.(27) aording to the well known low-energy theorem. Hene, when soft photons are onsidered,
the nuleon behaves as a point-like partile and struture onstants of Eq.(26) ould be alulated only
through the loop diagrams. Although generally the loop ontribution is ultraviolet divergent and requires
renormalization, this is not a ase for the Compton sattering. If M(
−→
k ′ → −→k ) → M0, M0 is not
renormalized and the limit
−→
k ′ → −→k does not remove ultraviolet divergenes, then the amplitude M
should be nite. If we take only the SU(2) triplet of the mesons, we will have to evaluate 22 diagrams for
the neutron and 52 diagrams for the proton (see Fig.(5)). It is neessary to mention that the diagrams on
Fig.(5) represent only generi types of the topologies allowed in Compton sattering. When one employs
CHM, the full set of graphs will have to inlude the rossed diagrams and wave funtion renormalization
graphs absorbed into ounterterms. Also, in the CHM, harged mesons are treated as non-selfonjugate
elds whih eetively indue double ounting, so part of the nal amplitude with the harged mesons in
the loops has to be divided by the fator of two.
Individually, the diagrams on Fig.(5) give the divergent ontributions but their sum should be a nite
result. That was a ase when Compton amplitude was omputed in the CHM. We observed analytially
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that the nal Compton amplitude is, in fat, nite (i.e. free of ultraviolet divergenes). Moreover, we
have suessfully tested niteness of the Compton amplitude for the SU(3) otet of mesons. Here we have
alulated 44 graphs for the neutron and 104 (not inluding wave funtion renormalization graphs) for the
proton and observed no ultraviolet divergenes in the nal amplitude. In the FormCal, the nal results
(amplitude or Compton tensor) were presented analytially using the Passarino-Veltman basis. Due to the
umbersome nature of this type of alulations we leave analytial details out of this artile. Although we
an proeed and express polarizabilities of the nuleon numerially, we leave that for the next publiation.
We have satised purpose of this artile already when ultraviolet nite results for the Compton amplitude
were obtained up to NLO using our omputational hadroni model.
V. CONCLUSION AND OUTLOOK
In the present work we have developed an extension (the Computational Hadroni Model) of FeynArts
and FormCal to inlude the hadroni setor using Chiral Perturbation Theory. We have inluded otet
of mesons, baryons (and pentaquark baryons) plus the deuplet of resonanes (and the anti-deuplet of
pentaquark resonanes). The CHMs provides a robust predition of the asymmetry in pentaquark Θ+5
photoprodution between neutron and proton targets. It an be onluded that the asymmetry is aused
by the presene of the ontat term in the γn→ K−Θ+5 hannel.
The ability of the CHM to handle Next-to-the-Leading-Order alulations was tested through the fat
that the Compton sattering amplitude should be ultraviolet nite and should not be renormalized. As
was expeted, even when the entire otet of mesons was inluded, the nal amplitude did not exhibit any
ultraviolet divergent behavior. The NLO results of the CHM an be expressed analytially using FormCal,
with an amplitude expressed in the Passarino-Veltman basis as well as numerially with appliation of the
pakage LoopTools.
Future appliations of the CHM an be envisioned for alulations of many proesses, inluding the full
kinemati dependenies for the prodution/deay hannels of hadroni physis. Soure les of the CHM
are available by request from the authors.
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